parses the eye-movement data on line and in real time so that information on eye position is available almost instantaneously. Average delays from eye movement to position data availability are 6 msec with heuristic filtering disabled, and 10 msec with filtering enabled (manufacturer's specifications). This allows the creation of (near) real-time gaze-contingent applications (e.g., Cornelissen & Dobbelsteen 1999; Tant, Cornelissen, Kooijman, & Brouwer, 2002) . The parser also provides information on fixation and saccade events and associated statistics immediately after the events have been completed.
One limitation of the Eyelink is that there is considerable trial-to-trial variability in the estimate of absolute gaze position. For example, typical measurements of the standard deviations of gaze position at fixation are 0.5º horizontal and 1.5º vertical. This variability might be due to slippage of the headmounted system over time. This problem can be minimized by using fixation position at the beginning of each trial to "correct" the gaze estimate (drift correction). This method provides good relative position estimates within a trial at the cost of information about absolute position across trials. Saccade parameter and fixation position estimates of the Eyelink were highly correlated with those measured using a scleral coil system. The Eyelink's relatively low sampling frequency of 250 Hz results in somewhat noisier parameter estimates in case of small saccades (van der Geest & Frens, 2002) .
Stimulus Presentation
Most eye-movement experiments require the display of visual targets for the subject to track or look at. Computer displays have virtually become standard equipment for conducting visual psychophysics experiments since these allow precise software specification of the stimulus. Although low-level programming languages such as C enable the required accuracy in control of timing, luminance, and color output of displays, they do not provide a friendly programming environment. The Psychophysics Toolbox (Brainard, 1997; Pelli, 1997 ) is a software package that adds the ability for precise stimulus specification to MATLAB, a high-level interpreted language with extensive support for numerical calculations (The MathWorks, 1993) , allowing for rapid and flexible programming of psychophysical experiments.
We have developed the Eyelink Toolbox, a high-level interface between MATLAB and the Eyelink Gazetracker. The toolbox enables one to measure eye movements while simultaneously executing stimulus presentation routines provided by the Psychophysics Toolbox as well as other MATLAB scripts. The powerful combination of the Psychophysics and Eyelink Toolboxes allows for a Return the most recent data sample (either in int or float format). 'Newestfloatsample' Horizontal and vertical gaze position data (x and y) in screen coordinates (pixels) for the left and right eyes (depending on whether they are actually being tracked). pa Pupil size or area (depending on settings of Eyelink) of left and right eyes. rx, ry
Horizontal and vertical resolution of the gaze data (pixels per degree) for the left and right eyes. hx, hy
Horizontal and vertical head-referenced eye-position data for the left and right eyes.
Note-Whether these fields are actually filled with useful information depends on the settings of the Eyelink. This can be changed at run time using the 'command' command of the Eyelink Toolbox (see Table 1 ).
relatively fast and easy implementation of experiments involving eye tracking (e.g., gaze-dependent displays).
Implementation of the Toolbox
The toolbox consists of a combination of a MATLAB extension (MEX) file and code written in native MATLAB language. The extension, which is partly based on proprietary low-level C subroutines provided by the manufacturer of the eye tracker, can be called directly from MAT-LAB. For timing and graphics manipulation, the Eyelink Toolbox relies on routines of the Psychophysics Toolbox (Brainard, 1997) and VideoToolbox (Pelli, 1997) .
The Eyelink Toolbox provides access to all Eyelink routines. A listing of the main commands and a short description of their function is provided in Table 1 . In addition, the Eyelink Toolbox provides both integrated routines for performing calibration and drift correction, as well as procedures written in native MATLAB language that allow for a large degree of customization (e.g., of calibration targets and routines; see the listing in the Appendix). To have (near) real-time gaze-dependent displays, the Eyelink parses the eye-movement data on line and sends gaze data, as well as other data, over the ethernet connection to the display computer. The Eyelink Toolbox allows access to this information via a MAT-LAB structure. Table 2 lists the main fields of this structure and provides a short description of its contents.
The use of an interpreted language comes at a cost: Native MATLAB code tends to run significantly slower than comparable C code. The penalty of the overhead is about 4 msec per MATLAB statement (as reported by the PsychToolbox's 'SpeedTest.m' routine). Nevertheless, the Eyelink Toolbox implementation, even on a relatively old Power Macintosh with a 400-MHz G3 processor, is fast enough to enable a near real-time gaze-dependent display. Between eye movement and screen update there is a delay of about 20 msec, 1 of which our tests indicate that almost all is due to the Eyelink hardware and software on the dedicated Eyelink PC. A millisecond or less of the delay is due to network communication between the Eyelink and display computers. Only a fraction of a millisecond is due to the overhead of using MATLAB in addition to the underlying C routines. Thus, the use of the Eyelink Toolbox within the MATLAB environment, instead of directly programming in C, adds little cost in terms of execution time. The MATLAB environment, by providing extensive support for numerical processing, in principle also allows the postprocessing of eye-movement data within the same environment. At present, support for this additional use of MATLAB is not part of the Eyelink Toolbox.
Example and Use
The Appendix lists an example of a short MATLAB program that uses the Eyelink and Psychophysics Toolboxes to create a simple gaze-dependent display.
Step 1 in the example is the initialization of the Eyelink;
Step 2 opens a graphics window using the Psychophysics Toolbox SCREEN routine. In Step 3, the Eyelink Toolbox default values are set, and information about the graphics environment is passed onto the Eyelink mex routine, and, in Step 4, the Eyelink's integrated calibration and drift correction procedures are performed. In Step 5, data recording commences. In Step 6, current gaze position as communicated by the Eyelink is used to show a small dot on the display that moves with the subject's gaze. In case the Eyelink provides no valid gaze data (e.g., during a blink), the screen is immediately blanked. In Step 7, graphics window, data file, and tracker are closed.
Documentation and Availability
The Eyelink Toolbox can be downloaded at http: //psych-toolbox.org/ and, like the Psychophysics Toolbox, is available for both the Macintosh and the Windows operating systems. 2 Installation consists of adding a single folder (approximately 1 MB) to MATLAB's collection of toolboxes. Help is provided via MATLAB's regular conventions. The distribution includes example MATLAB code (e.g., the program listed in the Appendix). The C source code of the toolbox is available (though not for the proprietary subroutines on which the toolbox is based). Note that the Eyelink Toolbox is neither provided nor endorsed nor supported by the manufacturer of the Eyelink Gazetracker. The toolbox may be used freely for teaching or research. It may not be used for commercial gain without permission of the first author of the present article.
Conclusion
The Eyelink Toolbox, in combination with the Psychophysics Toolbox, provides a fast, easy, interactive, and powerful means to develop research-grade eye-movement paradigms (see, Huk, Palmer, & Shadlen, 2002; Li, Brenner, Cornelissen, & Kim, 2002) .
